We argue that a correlated fluid of electrons and holes can exhibit a fractional quantum Hall effect at zero magnetic field analogous to the Laughlin state at filling 1/m. We introduce a variant of the Laughlin wavefunction for electrons and holes and show that for m = 1 it is the exact ground state of a free fermion model that describes px + ipy excitonic pairing. For m > 1 we develop a simple composite fermion mean field theory, and we present evidence that our wavefunction correctly describes this phase. We derive an interacting Hamiltonian for which our wavefunction is the exact ground state, and we present physical arguments that the m = 3 state can be realized in a system in which energy bands with angular momentum that differ by 3 cross at the Fermi energy. This leads to a gapless state with (px + ipy)
The quantum Hall effect was originally understood as a consequence of the emergence of Landau levels for two dimensional electrons in a magnetic field [1] , but was reformulated in the framework of topological band theory [2] . This introduced the notion of "Chern bands", which have a rich structure due to the interplay between lattice translations and magnetic translations [3] , and allow for the existence of a Chern insulator in the absence of a uniform magnetic field [4] . There is a sense in which all quantum Hall states are the same and can be adiabatically connected to a flat band limit that resembles a Landau level. However, the opposite to the flat band limit occurs near a quantum Hall transition, which occurs when the conduction band and valence band invert at a Dirac point [5] . A weakly inverted quantum Hall state differs from a trivial insulator only near the Dirac point, and can be viewed as a quantum fluid formed by the low energy electrons and holes of the original trivial insulator. The band inversion paradigm has proven to be a powerful tool for engineering topological phases of non-interacting fermions [6] [7] [8] [9] .
In recent years there has been effort to study analogs of the Chern insulator for the fractional quantum Hall (FQH) effect. Theoretical work has focused on the proposal for creating nearly flat Chern bands [10] [11] [12] that can be fractionally filled and can host states-called fractional Chern insulators [13] -that resemble the Laughlin state of a fractionally filled Landau level (see the reviews [14] [15] [16] and references therein). Experimental progress has been reported in twisted bilayer graphene [17] , where the commensuration with the moiré pattern leads to interesting structure in the observed FQH states at finite magnetic field. The zero field fractional Chern insulator is more challenging because it requires a nonstoichiometric band filling. Here we consider the opposite limit and propose a wavefunction describing a fractional excitonic insulator: a gapped FQH state built from a strongly correlated fluid of electrons and holes. We argue that this provides an alternative route to realizing a FQH state at zero field in a stoichiometric system that is close to a special kind of band inversion.
Our wavefunction is inspired by the celebrated Laughlin wavefunction [18] and has the form
where |ψ N m describes a state with N electrons and holes described by a Jastrow wavefunction
(2) Here z 1,...,N (w 1,...,N ) are complex coordinates for electrons (holes) and m is an odd integer. ψ N m is similar to a Halperin bilayer wavefunction [19] , except that the Gaussian associated with the lowest Landau level is absent, and it has a singular denominator. The denominator can be fixed without changing the long distance behavior by introducing a cutoff ξ in a prefactor ij h(|z i − w j |/ξ), where h(x → 0) ∼ x 2m and h(x → ∞) = 1 [20] . We will argue that |Ψ m is topologically equivalent to a single component ν = 1/m Laughlin state.
We will begin by showing that for m = 1, |Ψ 1 (despite the denominator) is the exact ground state of a simple non-interacting model of a Chern insulator, and can be viewed as a condensate of p + ip excitons. We then present several pieces of evidence that |Ψ m>1 describes a FQH state. This includes an analysis of the Laughlin plasma analogy, as well as the ground state degeneracy on a torus. We introduce a composite fermion mean field theory as well as a coupled wire model that reproduce the phenomenology of the FQH state. We also identify an interacting Hamiltonian whose exact ground state is (2) . Finally, we propose that a feasible route towards realizing this state is to find a material whose band structure features the touching of two bands that differ in angular momentum by 3. We argue that coupling the bands favors excitonic pairing in a (p x + ip y ) 3 channel, and that interactions could stabilize the m = 3 state.
To describe the m = 1 state, consider the noninteracting spinless fermion Hamiltonian,
This is a two band model in which c † e(h)k create conduction band electrons (valence band holes). We particlehole transformed the valence band, so that the vacuum |0 (annihilated by c e,hk ) is the topologically trivial filled valence band. This model is properly regularized for k → ∞, and describes a Chern insulator in which the conduction and valence bands are inverted at k = 0. Note that (4) has a single parameter v [21] . The coefficient of k 2 can be fixed by a choice of units, but a more generic model [22, 23] has independent coefficients for the other terms. For this particular choice the energy eigenvalues are ±E k = ±(k 2 +v 2 )/2. The analysis of this model is similar to the BCS theory of superconductivity. The ground state is
where
Following the Read Green analysis of a p+ip superconductor [6] , this can be written in the real space form
where c † e,hk and g k ≡ v k /u k = −iv/(k x + ik y ) have Fourier transforms ψ † e,h (z = x + iy) and g(z) = v/(2πz). |Φ m=1 then has the form (1) with f = v/(2π) and
The equivalence of φ N m=1 and ψ N m=1 follows from the Cauchy determinant identity [24] , which can be checked by writing the determinant over a common denominator, noting its units and antisymmetry.
Though the precise form of g(z) that makes the Jastrow form exact is particular to our choice of parameters, the topological structure of the Chern insulator dictates that the 1/z behavior for z → ∞ remains in a more generic theory. The short distance behavior, however, depends on the details as well as the lattice cutoff. A related model was studied in Ref. 23 , where the connection was made to a Halperin (1, 1, −1) bilayer state. Viewed as a bilayer system, this is related to a (1, 1, 1) state by a particle-hole transformation in one layer [25] . The (1, 1, 1) state describes a single component "spin polarized" quantum Hall fluid with broken spin symmetry.
In our problem the spin symmetry corresponds to the independent conservation of electrons and holes, which is violated by the "p + ip pairing term" ∆ k . Thus, we can view the Chern insulator as an excitonic insulator that is distinguished from the trivial insulator by a condensation of p + ip excitons. Unlike the original excitonic insulator [26, 27] , this condensation does not involve a spontaneously broken symmetry, since electrons and holes are not independently conserved. It is analogous to a proximitized p + ip superconductor.
Encouraged by the success of |Ψ m=1 , we now consider the generalization to a fractional excitonic insulator. To motivate that this should be possible, we first introduce a composite fermion mean field theory. Consider a 2D two band system and perform a statistical gauge transformation that attaches ±(m − 1) flux quanta to the electrons (holes) [28] . This is accomplished in Eqs. (3) and (4) by replacing kc e(h)k → (−i∇ ± a)ψ e(h) , where the statistical vector potential satisfies
Equivalently, in a Lagrangian formulation, flux attachment is implemented by adding a Chern-Simons term
. This is different from the conventional composite fermion model, because in the valence band flux is attached to the holes rather than the electrons. This transformation has no effect on electrons deep in the valence band and is compatible with exact particle-hole symmetry [30] . When the electron and hole densities are equal, the average statistical flux seen by each particle is zero. Thus, in mean field theory we can consider a system of composite fermions with Hamiltonian given by (3) and (4) . Assuming the composite fermions are in a Chern insulator phase, we integrate them out in the presence of a and the external vector potential A. This leads to L eff = L CS + (a + A)∂(a + A)/4π. Integrating out a then gives L eff = A∂A/4πm. This shows the resulting phase is a FQH state with σ xy = (1/m)e 2 /h. A second indication this phase is possible is provided by the coupled wire construction [31] . In Supplemental Section I [32] we show that an array of alternating n-type and p-type wires can support this phase at zero magnetic field.
We now analyze the wavefunction (1,2). To determine whether it describes a FQH fluid, we follow Laughlin [18] and view Ψ m |Ψ m as the partition function of a classical plasma. Like Laughlin's plasma, our charges interact by a 2D Coulomb interaction −βV = i<j 2mq i q j log |z i − z j |/ξ, where m plays the role of inverse temperature. Unlike Laughlin's plasma, our plasma has charges q i = ±1, and the neutralizing background (due to the Gaussian) is absent. Our plasma is also in the grand canonical ensemble with a fugacity f . This plasma maps precisely to the Kosterlitz Thouless problem [33] , and exhibits two phases: a high temperature phase characterized by perfect screening, and a low temperature phase with bound [33] for the plasma analogy of (1,2) as a function of fugacity f and the interaction strength.
charges. For small f the transition is determined by balancing the energy m log L of an unbound charge with the entropy log L 2 giving a critical point at m = 2. For m = 1 the plasma is in the screening phase, which is consistent with our understanding of |Ψ 1 as a quantum Hall state. For m = 3 the plasma is in a bound phase for small f . This is similar to the Laughlin wavefunction for large m, which describes a crystal. However, for larger f screening renormalizes the Coulomb interaction, and a screening phase is expected above a critical value of f , as indicated in Fig. 1 . Since the only length in the problem is the cutoff scale ξ, the screening phase will occur at high density, when electrons and holes have a typical separation of order ξ.
The structure of the plasma analogy is reminiscent of the wire construction for the ν = 1/m state [31] , which involves coupling edge states with an irrelevant sine-Gordon type coupling that leads to exactly the same plasma [32] . The correspondence of the plasmas is not an accident, given the expectation that the ground state wavefunction can be interpreted as a correlator of the same conformal field theory that describes the edge states [34] . The only difference with the conventional Laughlin state is the absence of the background charge. Following this logic, we construct a wavefunction for a quasi-hole at position Z as
In the plasma analogy, this state has an external charge at Z. Assuming the plasma perfectly screens, this leads to a charge e * = e/m quasi-hole. Quasi-electron states are constructed similarly by exchanging z i and w j .
Another probe of topological order is the ground state on a torus, which may also be useful for numerical studies. Following Haldane and Rezayi [35] , we consider a torus with z = z + L and z = z + Lτ identified (τ is a complex number describing the shape of the torus). The periodic generalization of (2) then involves two modifications. First, the terms in the denominator become
where ϑ 1 (u|τ ) is the odd elliptic theta function [36] . The terms in the numerator are modified similarly. Second, ψ N m is multiplied by a function of the center of mass coordinates Z = i z i , W = j w j , given by
From the periodicity properties of ϑ 1 (u|τ ), it can be checked that this modified wavefunction is properly periodic, with K and z 0 depending on the phase twisted boundary conditions. For fixed boundary conditions there are m independent choices for K and z 0 , establishing the m-fold ground state degeneracy. We have also checked that for m = 1 the non-interacting ground state of (4) on a torus has the form det[g(z i − w j )], with g(z) ∝ e iKz ϑ 1 (π(z − z 0 )/L|τ )/ϑ 1 (πz/L|τ ). (K, z 0 again depend on boundary conditions). A generalization of the Cauchy identity [37] shows that this is precisely equivalent to the wavefunction described above.
Having established that (1) and (2) describe an excitonic fractional quantum Hall state, we now seek a Hamiltonian that can realize it. One approach is to find an "exact question to the answer": a Hamiltonian designed to have |Ψ m as its exact ground state. While we do not have an analog of the two body δ-function type interaction [38] that stabilizes the Laughlin state, we adopt the construction in Ref. 39 , which provides a natural generalization of (4) to m > 1 at the price of introducing severalbody interactions. By applying (2) and noting that due to analyticity only the poles contribute, we show in Supplemental Section II [32] that the operators
satisfy Q e,h (z)|Ψ m = 0. Here v m = 2πf /(m − 1)!, and ∂ z acts to the left on ψ † h,e (z) and
This can be interpreted as a(z) = a x − ia y , where a is a statistical vector potential similar to (8), except with m fluxes per particle, rather than m − 1. We then define
Since H m is the sum of positive operators, |Ψ m is guaranteed to be a ground state. For m = 1, Q e,h (z) is the Fourier transform of √ 2E k γ e,hk , where γ e(h)k = u ±k c e(h)k ± v ±k c † h(e)−k are Bogoliubov quasiparticle annihilation operators. It follows that (14) reduces to (3) and (4) up to an additive constant. For m > 1, (14) involves up to (2m − 1) body interactions. While we have not proven that H m has a gap, it is plausible that it does, provided |Ψ m is in the screening phase and has short ranged correlations [40] . If so, then turning down the several-body interactions will not immediately destroy the state. This motivates a more practical strategy for realizing this state.
Imagine turning off the interaction terms in (14) , so that Q e = 2∂ *
h . This leads to a noninteracting Hamiltonian of the form (3), where for k → 0
This describes a system with quadratically dispersing bands that touch at k = 0 and are coupled by angular momentum m excitonic pairing. We now argue that this gapless "(p + ip) m pairing" state is a candidate for supporting a fractional excitonic insulator in the presence of strong repulsive interactions.
The ground state |Φ m of Eq. (3) with k and ∆ k as defined in Eq. (15) can be written in the form (6) . Using
the component with N particles and holes has the form In that case, repulsive interactions stabilize the Laughlin state, which puts the required zeros on top of the particles. The above argument strictly applies to the dilute limit, where electrons and holes are separated by more than ξ, so |Ψ m is in a bound phase. In the dense limit, however, |Ψ m is still more effective than |Φ m at keeping the electrons (holes) apart, and it also builds in the (p + ip) m pairing of electrons and holes favored by (15) . It will be interesting to test our conjecture that (15) , along with strong repulsive interactions can stabilize the fractional excitonic insulator state by the numerical analysis of model systems.
Eq. (15) presents an appealing target for band structure engineering. It requires the crossing of two bands that differ in angular momentum by m. For m = 3 this can occur at the Γ point in a crystal with C 6 rotational symmetry but broken time reversal and in-plane mirrors. For example, this could arise if two bands with m j = ±3/2 touch at the Fermi energy. Here we introduce a simple two band model for spinless electrons that provides a starting point for numerical studies.
Consider a triangular lattice with an s state and a single f state with m = 3 on each site. A Hamiltonian with first and second neighbor hopping can be written as Eq. (3) with
where γ 0 (k) = n cos k·a 1n , γ 1 (k) = n (−1) n sin k·a 1n and γ 2 (k) = n (−1) n sin k · a 2n . Here a 1(2)n are the 6 first (second) neighbor lattice vectors at angles θ = nπn/3 (+π/6). t 0 connects nearest neighbors of the same orbitals, while t 1 and t 2 connect first and second neighbor s and f orbitals with an angle dependent phase e 3iθ .
For | 0 | > 6t 0 this model describes a trivial insulator, while for | 0 | < 6t 0 , it is a Chern insulator with Chern number 3. While it is not our primary focus here, the Chern number 3 insulator is of interest on its own. Near the transition, for 0 = −6t 0 + δ the small k behavior is
with t ± = (t 1 ± 3 √ 3t 2 )/8 and k ± = k x ± ik y . This symmetry protected Chern number 3 transition is unusual. For δ > 0 the gap E g ∝ δ is at k = 0, but for δ < 0 E g ∝ |δ| 3/2 , and is located on a "Fermi surface" of radius ∝ |δ| 1/2 . The critical point δ = 0 has precisely the structure of (15) when t − = 0 [21] . For non-zero t − , the vorticity 3 winding of ∆ k around k = 0 remains, so the long distance phase winding of g(z) is not altered. It will be interesting to study this model near the transition to determine whether electron interactions stabilize the fractional excitonic insulator by addressing signatures such as ground state degeneracy, spectral flow under flux insertion and entanglement spectrum. Importantly, in contrast to the case of fractional Chern insulators, this model should be studied at integer filling per unit cell.
In this paper we have introduced a paradigm for achieving a FQH state in a correlated fluid of electrons an holes described by a generalization of the Laughlin wavefunction and characterized by (p x + ip y ) m excitonic pairing. This points to several avenues for further investigation. It will be interesting to numerically study the ground state properties of model Hamiltonians such as (17) with interactions to establish the fractional excitonic insulator phase. In parallel, it will be interesting to identify materials with band structures that feature an m = 3 band inversion near the Fermi energy. Finally, the considerations in this paper can be generalized to describe multi-component systems, superconductors and symmetry protected topological phases.
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COUPLED WIRE CONSTRUCTION
In this section we introduce a simple modification of the coupled wire construction [S1] that allows us to describe a fractional excitonic insulator at zero magnetic field. We consider an array of alternating n type and p type wires, as indicated in Fig. S1 . On the n-type wires the right (left) moving states are at momentum +k F (−k F ), but on the p-type wires they are at −k F (+k F ). This allows momentum conserving processes that lead to the quantum Hall effect in zero magnetic field.
Specifically, we consider the Hamiltonian H = H 0 + V , where
describes the low energy excitations on each wire. The electron annihilation operator is given by
where the upper (lower) sign corresponds to the n type (p type) wires for i odd (even). The ν = 1/m Laughlin state (for m an odd integer) is generated by introducing the m body coupling term
Here, powers of ψ i,R are understood as an operator product expansion and include appropriate derivatives. Note that V m conserves momentum in zero magnetic field for all m. No tuning of the electron or hole densities is required, provided they are equal, so that the Fermi energy is at the band crossing point.
In the absence of other interactions, v m has scaling dimension (1 + m 2 )/2, and will be irrelevant for m > 1. Nonetheless, as argued in Ref. S1 , it is possible to choose forward scattering interactions that can make any particular v m relevant. In the presence of such interactions, v m will flow to strong coupling, which leads to an energy gap and the ν = 1/m fractional excitonic insulator phase.
The connection with Laughlin's plasma analogy can be understood by considering a particular limit where the problem decouples into independent 1D problems. When forward scattering interactions on each wire make them Luttinger liquids with K = 1/m, the v m term couples only to a purely chiral operator on each wire. In this case, v m is identical to electron tunneling between the edge states of strips of ν = 1/m fractional quantum Hall states, which upon bosonization lead to a 1 + 1D sine-Gordon type model. In this case, v m has scaling dimension m. Expanding the partition function in powers of v m leads to exactly the same Coulomb plasma as the analysis of the Laughlin type wavefunction.
EXACT HAMILTONIAN
In this section we demonstrate that the state |Ψ m as defined in the main text is the exact ground state wavefunction of Hamiltonian (14) of the main text. Our strategy is to seek operators X which annihilate the ground state, i.e., X|Ψ m = 0. With the help of such operators one may then construct positive (and manifestly Hermitian) operators ∼ X † X, which can be used to define a Hamiltonian with |Ψ m as its ground state. Any operator X satisfying X|Ψ m = 0 can be used to define a term which may enter in the exact Hamiltonian. In fact, by explicitly constructing two sets of such operators, we will demonstrate that the space of exact Hamiltonians is larger than H m given in the text. The full exact Hamiltonian, which is a sum of all allowed terms, can be used to study more physical few-body pseudopotential Hamiltonians, for which the wavefunction |Ψ m may still describe the ground state properties. With this goal in mind, we will conclude this section with a brief comparison to a class exact Hamiltonians for the Laughlin wavefunction introduced in Ref. S2 . In these case of the latter two sets of operators are needed to construct an exact Hamiltonian with the Laughlin state as its ground state and a gap to excited states.
Construction of Hamiltonian
To begin, first recall that |Ψ m is defined as
where |Ψ N m is a state with N particle-hole pairs defined as
Note that the factor 1/N ! ensures proper normalization.
A natural choice for the annihilation operators involves the derivative operators ∂ z = 1 2 (∂ z − i∂ y ) and ∂ z * = 1 2 (∂ z + i∂ y ). Consider first the derivative operator ∂ z . It is a simple matter to verify that the (second quantized) operators
annihilate the states |Ψ N m with N particle-hole pairs, i.e., P e,h (z)|Ψ N m = 0, where a = a(z) = a x − ia y is the statistical gauge field defined as
The statistical gauge field attaches ±m flux quanta to the particles (holes). Note that within the sector of Fock space defined by N − 1 electrons and N holes a(z) takes the form
from which it directly follows that P e,h (z) annihilate each |Ψ N m , and thus annihilate |Ψ m . It is worth pointing out that the first quantized operators
We then use the operators P e,h (z) to define the Hamiltonian H 
m is positive |Ψ m must be a ground state.
Next, consider the derivative operator ∂ z * . Since only the holomorphic coordinates z i enter the wavefunction, the action of ∂ z * requires a more careful treatment. We first define and evaluate Φ(z) = ∂ z * ψ e (z)|Ψ N m .
(S12)
Note that ψ e (z) picks one of the N electron coordinates z i and sets it to z. Furthermore, Φ(z) describes a state with one electron removed from |Ψ N , which we may alternatively view as a state with one hole added to |Ψ N −1 m . We will therefore seek to relate Φ(z) to |Ψ N −1 m . Note that ∂ z * gives zero when acting on an analytic function except at the poles. Since there are N such poles, located at w i , we can rename each pole w and then relabel the remaining N − 1 w i 's. We separate out the dependence on z and w and obtain ψ e (z)|Ψ where a(u) is the gauge field introduced in (S8) and is given by
We thus find that the Eq. (S14) can be expressed in the concise form 
The next step is to consider the action of ∂ z * on the pole at w. One finds that 
